In this study the effects of animal age combined with feeding regime and the utilisation of a betaagonist (within a grain-fed system) on proximate composition and fatty acid profile of M. longissimus lumborum (LL), M. biceps femoris (BF), and M. semitendinosus (ST) were determined. Eighty Bonsmara steers consisting of A-age (0 permanent incisors) grain-fed (AC) and grain-fed supplemented with a betaagonist, zilpaterol (AZ) (n = 20) grass-fed AB-age (1 -2 permanent incisors; AB) (n = 20), and B-age (3 -6 permanent incisors; B) (n = 20) animals were used. These four groups are representative of cattle slaughtered in South Africa and were treated as four production systems. The chemical composition of all three muscles showed that zilpaterol increased protein and reduced muscle fat contents of meat. All the muscles of both grass-fed groups (AB and B) had significantly higher content of certain desirable fatty acids (FAs) such as conjugated linoleic acid (CLA), omega-3 (n-3) FAs, branched chain saturated phytanic acid, and a lower omega-6/omega-3 (n-6/n-3) ratio than the two grain-fed groups (AC and AZ). The FA composition of grain-fed beef muscle was generally not influenced by the use of zilpaterol except for a tendency towards higher n-6 polyunsaturated fatty acid (PUFA) in beta-agonist produced beef. This was mainly due to higher levels of linoleic acid in LL and ST muscles and higher CLA in BF muscle of AZ animals. Phytanic acid was also higher in BF muscle of the AZ group compared to AC. Differences in animal age among grass-fed animals (AB vs. B) had minimal effect on FA composition of grass-fed beef. We can conclude that differences in FA composition of the three muscles are influenced mainly by feeding regime and less by differences in production factors within feeding regimes. ______________________________________________________________________________________
Introduction
Research on the nutritional characteristics of beef has become increasingly important for the beef industry due to growing consumer interest in healthy diets. Nutritional characteristics of beef can be influenced by production factors such as animal age, feeding regime, growth enhancers and carcass condition at slaughter. There is abundant evidence that type of diet (grass-vs. grain-fed) influences the proximate and fatty acid composition of beef (Daley et al., 2010; De Freitas et al., 2014) . Beef from grass-fed animals is often reported as a healthier product than grain-fed beef owing to its lower fat content and more desirable fatty acid profile. Most results show that grass-fed beef has a higher content of CLA, n-3 PUFAs, polyunsaturated to saturated ratio (P/S), and lower n-6/n-3 ratios, as well as lower content of saturated fatty acids (SFAs) and n-6 PUFAs than grain-fed beef (De la Fuente et al., 2009; Daley et al., 2010; Noviandi et al., 2012; De Freitas et al., 2014) . Higher content of SFA in meat has traditionally been associated with deleterious human health effects (Whetsell, 2003) , although a recent epidemiological study indicated that the association of SFAs with adverse health effects may be debateable (Ruiz-Núñez et al., 2016) .
Animal age may differ between grain-and grass-fed based systems but also within these systems as reflected in grass-fed systems where slaughter ages may vary depending on the specific production aims. Muscle fatness may increase along with the age of the animal, which in turn affects the fatty acid composition of the meat (Warren et al., 2008) . Warren et al. (2008) showed that higher fat levels in meat is accompanied by a higher SFA % and a lower PUFA %.
Growth promotants, such as zilpaterol, increase protein and/or decrease fat content of beef (Leheska et al., 2009; Kellermeier et al., 2009; Johnson et al., 2013; Antonelo et al., 2017) , which would be beneficial in terms of the nutritional value of meat form a health point of view. Zilpaterol is an approved beta-adrenergic agonistand is used in beef cattle to promote growth and improve feed efficiency (Lean et al., 2014) . It is registered in more than 15 countries and is used in South African, Mexican, American (USA) and Canadian feed lots but have never been permitted in Europe (Kuiper et al., 1998; Johnson et al., 2013; Antonelo et al., 2017) . The decrease in carcass fat content may also influence the fatty acid profile of fat in the muscle and other fat depots.
Muscles differ in fat content and in fatty acid composition (De Smet et al., 2004) . These differences likely result from variations in muscle fibre composition (Enser et al., 1998) . According to the review of Wood et al. (2003) , red fibres have higher proportion of phospholipids than white muscle fibres and therefore a higher percentage of PUFA. However, De Smet et al. (2004) pointed out that fibre type differences explained variation in several quality traits among muscles but fatty acid composition was not among these traits and other factors may play a more prominent role.
The objective of this study was to investigate the extent to which production systems can affect proximate composition and fatty acid profile of beef with emphasis on the effects ofthe use of beta agonists, variation in animal age, and feeding regime within different production system.
Material and methods
The procedures involved in sourcing, transport, feeding and slaughtering of the animals used in this study were approved by the Animal Ethics Committee of the ARC (Certificate number: APIEC11/030).
The study consisted of two grass-fed and two grain-fed groups that were further divided into two treatment groups each. For the grass-fed groups, forty (n = 40) Bonsmara steers were sourced from farmers involved in oxen production. The steers were raised in the Northern Cape Province of South Africa, between the southern latitudes 26° 30′ and 26° 35′ and the eastern longitudes 22° 30′ and 22° 35′ which receives an annual precipitation of 300 mm. The average daily maximum and minimum temperature for this region is 38 °C and 19 °C in January and 23 °C and 2 °C in July (Anonymous, 2017a) . The vegetation in this area is described as Kalahari Thornveld Proper (Acocks, 1975) with grazing mainly consisting of Schmidtia pappophroides, Anthephora pubescens and Stipagrostis uniplumis. The most common trees of which the seeds and or leaves may also occasionally be browsed are Boscia albitruncaand Vachellia erioloba. The cattle received a summer lick (October -March) at 100 g/animal/day consisting of 60 g each of calcium and phosphorus per kg, 120 g salt (NaCl) and trace elements (Mn, Se, Zn, Co, Cu, I, Fe) in micro amounts and Vitamin A (40 000 IU / kg)(P6 Phosphate lick, 8211, Feedpro Animal Nutrition, Vryburg, South Africa). From April to September, a winter lick consisting of proteins and minerals (Feedpro 40, Feedpro Animal Nutrition, Vryburg, South Africa) was supplied at 500 g/animal/day. Animals were selected as market-ready by visual appraisal of body fat condition (body condition score 4 out of 5). Dentition was verified during selection of the animals so that two age groups (n = 20/group) could be selected according to permanent incisors (p.i.), namely AB (1-2 p.i.) and B (3-6 p.i.) based on the beef carcass classification system of South Africa (Government notice No. R342, 1999) .
The weaner calves selected for the two grain-fed groups were raised in the same area as the grassfed animals. Forty (40) weaner (9 to 11 months; ~220 kg) Bonsmara steers were raised in a commercial feedlot (A-age, 0incisors). These animals were implanted with Ralgro (36 mg zeranol; Schering-Plough, South Africa) and re-implanted with Revalor-S (140 mg trenbolone acetate and 28 mg beta-oestradiol; Intervet, South Africa) 49 days later. The animals received a high concentrate commercial diet (12 MJ/kg, 135g/kg protein on dry matter basis; (Table 1) . Twenty (20) grain-fed animals received no beta-agonist (AC), while the remaining 20 (AZ) were supplemented with the beta-agonist, zilpaterol hydrochloride (ZH)(Intervet/Schering-Plough Animal Health, South Africa), at 0.15 mg/kg live weight for the final 30 days on feed plus a four-day withdrawal period before slaughter. By considering the average daily feed consumption of the animals during the last 30 days on feed, 8.3 mg ZH/kg feed (dry matter) was mixed into each batch of feed so that the consumption of ZH was between 60 -90 mg per animal per day according to the permitted range prescribed by the product registration specifications (Anonymous, 2017b) . Animals of the grain-fed groups had no p.i. and were fed a commercial diet. (NRC, 1996) . The animals were slaughtered at the abattoir of the Animal Production Institute of the Agricultural Research Council (ARC) Irene, Pretoria. All animals were transported to the abattoir the day before slaughter and kept in lairages overnight (~18 h) with access to fresh water. The carcasses were chilled at 2 °C (entry and final room temperature) before sampling the day after slaughter. The M. longissimus lumborum (LL; 1 st to 5 th lumbar vertebrae), M. semitendinosus (ST: whole cut) and M. biceps femoris (BF: whole cut), of each carcass side were sampled and divided into two sub-samples for proximate analyses and fatty acid analyses, respectively.
For proximate analyses and fatty acid profiles two portions of respectively 200 g and 50 g were used after all visible fat was removed. Protein, fat, moisture and ash contents of each muscle were measured according to the methods described by the Association of Official Analytical Chemists (AOAC, 1990) . For preparation prior to proximate analyses, samples are freeze-dried, stabilized and milled (ground). Samples are weighed before and after freeze-drying and then samples are oven-dried at 105 °C for 16 hours to determine moisture content (weight loss due to freeze-and oven-drying).
In preparation for fatty acids analysis, extraction of total lipids from each muscle (± 5 g) was performed quantitatively according to Folch et al. (1957) , using chloroform and methanol in a ratio of 2:1. Butylated hydroxytoluene (BHT) was added to the chloroform:methanol mixture as an antioxidant, at a concentration of 0.001%. The extracts were dried under vacuum in a rotary evaporator and further dried in a vacuum oven at 50 °C for 3 hours, with phosphorus pentoxide as moisture adsorbent. Total lipids (± 30 mg) from intramuscular fat (IMF) were converted to methyl esters, by base-catalysed transesterification with sodium methoxide (0.5 M solution in anhydrous methanol), in order to avoid conjugated linoleic acid (CLA) isomerisation, during 2 hours at 30 °C (Park et al., 2001) . Fatty acid methyl esters (FAME) were quantified, using a Varian 430 flame ionization gas chromatograph (GC), with a fused silica capillary column (Chrompack CPSIL 88, 100 m length, 0.25 mm ID, 0.2 μm film thicknesses). Analysis was performed using an initial isothermic period (40 °C for 2 min). Thereafter, temperature was increased at a rate of 4 °C/min to 230°C. Finally an isothermic period of 230 °C for 10 min followed. Fatty acid methyl esters, in n-hexane (1 μl), were injected into the column, using a Varian CP-8400 autosampler. The injection port and detector were both maintained at 250 °C. Hydrogen, at 45 psi, functioned as the carrier gas and nitrogen was employed as the makeup gas. Galaxy Chromatography Data System Software recorded the chromatograms. Identification of sample FAME was made by comparing the relative retention times of FAME peaks from samples, with those of standards obtained from Supelco (Supelco 37 Component Fame Mix 47885-U, Sigma-Aldrich Aston Manor, Pretoria, South Africa). Conjugated linoleic acid standards were obtained from Matreya Inc. (Pleasant Gap, Unites States) and phytanic acid standard was obtained from Sigma (P3819-5MG). These standards included: cis-9, trans-11and trans-10, cis-12 C18:2 isomers. Nonadecanoic acid (C19:0) (SIGMA N553377 -1G) was used as the internal standard to improve quantitative FAME estimation.
In order to determine the health property differences among the four treatment groups, fatty acid data were used to calculate the following ratios of FAs: total SFAs;MUFAs; PUFAs; P/S; omega-6; omega-3; and the ratio of omega-6 to omega-3 (n-6)/(n-3) FAs. Atherogenicity index (AI) was calculated as: AI = (C12:0 + 4 x C14:0 + C16:0)/(MUFA + PUFA) (Chilliard et al., 2003) .
Data were subjected to an analysis of variance with treatment group (AC, AZ, AB and B) as single factor using the statistical program GenStat® (Payne et al., 2007) . The data of each muscle were analysed separately. The Shapiro-Wilk's test was performed on the standardised residuals to test for deviations from normality. Tukey Kramer multiple comparison test was used to separate group means and they were considered to be significantly different when P ≤0.05. Table 2 summarises the live animal and carcass characteristics. Mean carcass weights of AC, AZ, and B groups were between 30 and 44 kg higher than those of the AB group (P <0.001). No accurate age could be given to grain-fed animals, but considering that most animals in feedlots are fed for ~100 days and enter the feedlot at 8 -9 months of age, the animals of AC and AZ would have been ~12 months at slaughter. The B group animals were 12 months older on average than the AB group animals. Based on fat code, carcasses of the two grass-fed groups were leaner than the grain-fed groups, while AZ carcasses were generally leaner than AC carcasses. 
Results and Discussion
Production system had a significant effect on proximate composition of the three muscles, although actual differences were small in magnitude (Table 3) . Moisture content was higher, and dry matter lower in the grass-fed AB and B groups than in the grain-fed AZ group for all three muscles (P <0.001). Moisture and dry matter content was the same for LL muscle of AZ and AC, while similar values for moisture and dry matter were recorded for ST and BF muscles of the AC, AB and B groups. The higher dry matter content of grain-fed muscleswere either afunction of higher protein (AZ) or higher muscle fat (AC) in muscle of grain-fed carcasses as was reported by Pflanzer and De Felício (2011) .The AC LL muscle recorded higher fat than all other groups (P <0.001), but for the BF muscle the treatment effect was only significant (P =0.021) between AC and AB.The higher muscle fat content corresponds with the fatter carcasses in the AC group (Table 2) as a result of their high energy diet compared to grass-fed animals (Silva et al., 2010) . Grass-fed steers with 1-2 p.i. 4 B: Grass-fed steers with 3-6 p.i. 5 Crude protein (N x 6.25), crude fat -AOAC (1990) a,b,c within a row with different superscripts differ significantly, MSE=Standard error of mean Strydom et al. (2009) reported lower fat levels in LL and ST muscles and higher moisture levels in LL of zilpaterol-treated steers, but no differences in protein levels between zilpaterol treated and control animals. In agreement with our study, Leheska et al. (2009) found higher protein in soft tissue of zilpaterol treated steers and heifers, but only trends towards lower fat and higher moisture levels in treated heifers but not steers. In both studies differences between treatments were also small (<1 percentage unit). According to a meta-analysis conducted by Lean et al. (2014) , there is no consensus regarding the exact mechanism that different beta-adrenergic agonists exert on muscle and fat tissue that may result in changes in the proportions of these tissues. Leheska et al. (2009) suggested that zilpaterol increases muscle deposition at the expense of fat deposition, by directing nutrients towards muscle and away from fat deposition, thereby increasing muscle hypertrophy. Parr et al. (2014) found that serum non-esterified fatty acid levels (NEFA) of zilpaterol fed animals was higher indicating triglyceride breakdown. However, in earlier studies (Miller et al., 2012) they could not show any de novo effects of zilpaterol on carcass fat tissue (muscle or subcutaneous fat) and suspected effects on other fat depots (intestinal fats).
The effect of beta agonists on fat could also be muscle fibre related. Zilpaterol, and other betaagonists, increase the size and proportion of white or fast glycolytic muscle fibres (Strydom et al., 2009) . Scollan et al. (2006) explained that the shift in fiber types from slower oxidative types to faster glycolytic affect the animal's ability to accumulate fat since oxidative muscles have greater ability to deposit fat. The differential response of muscles to beta-agonists was also reported by Dawson et al. (1990) who observed that ST compared to LL and vastus lateralis showed no significant differences in protein content and they related this to differences in fibre type composition of the muscles which will influence their response to betaagonists. Warren et al. (2008) observed that muscle fat content increased as animals get older, regardless of feeding regimen. However in our study age at slaughter did not influence IMF content in the grass-fed groups (AB and B) and muscle fat in these groups tended to be lower or similar to the grain-fed groups (Table 3) . Schönfeldt et al. (2010) agreed with our results and could not find differences in muscle fat content among A (12 months old), B (>36 months +), and C age (>72 months) classes of beef cuts sourced from the commercial South African market when their total carcass fat levels were similar. The lack of differences in IMF between the AB and B age groups in our study could probably be explained by adipocyte physiology since the AB group consisted of younger steers while the B group was older steers. According to Harper and Pethick (2004) , advancing age does not influence all stem cells with adipogenic potential. Germ stem cells and some of the expression of the transcriptional factors essential for adipogenesis may decline in older animals. As a result older animals may be less able to support adipogenesis even if they have genetic predisposition to fatness and a high-energy diet conducive to fatness. The actual average age difference between AB and B in our study was 10 months and it is possible that the difference in age was not sufficient to cause any effects on fat deposition mechanisms.
The effects of production system on muscle content of fatty acid groups and individual fatty acids of three muscles are presented in Table 4 and Table 5 , respectively. The fatty acid profile of beef cannot be generalised due interacting factors such as breed, level of fatness, type or location of fat depot, animal age and diet (De Smet et al., 2004) . The low muscle fat content as reflected in Table 3 should also be considered in the interpretation of fatty acid proportions across treatment groups and muscles. Feeding regime showed a larger effect on the fatty acid profiles than zilpaterol and animal age among production systems. It should also be added that animal age was confounded with feeding regime (grain-fed AC and AZ vs grass-fed AB and B) and did not show clear effects when compared within feeding regime (grass-fed AB and B). The various treatments also affected muscles differently.
The ST muscle of the AZ group had lower total SFAs compared to AB and B (Table 4) ,which was mostly contributed by (P <0.001) lower palmitic acid (C16:0) in AZ group compared to the two grass-fed groups (Table 5 ). In contrast, the grass-fed B group had lower percentages of stearic acid (C18:0) than that of AZ in the LL muscle and that of AC in the BF muscle, respectively.Most minor individual SFAs (pentadecyclic (C15:0), heptadecanoic (C17:0) and eicosenoic (C20:0)) were lower (P <0.001) in both grainfed groups than in the grass-fed groups for all three muscles. Only myristic acid (C14:0) which accounted for at least 3% of the total FAs was higher in the grain-fed groups compared to the grass-fed AB but not to the grass-fed B group in all three muscles. The tendency towards higher C16:0 and lower C18:0 in grass-fed groups contrasts the review of Daley et al. (2010) . According to this study grass-fed beef has lower proportion of hypercholesterolaemic C16:0 and a trend towards a higher proportion of neutral cholesterolaemic C18:0. However, Daley et al. (2010) also emphasised that the overall concentration of total SFAs in muscle fat is not consistently different between grain and grass feeding which generally agrees with our results.
The ST muscle of the AZ group had lower total SFAs compared to AB and B (Table 4) ,which was mostly contributed by (P <0.001) lower palmitic acid (C16:0) in AZ group compared to the two grass-fed groups (Table 5 ). In contrast, the grass-fed B group had lower percentages of stearic acid (C18:0) than that of AZ in the LL muscle and that of AC in the BF muscle, respectively. Most minor individual SFAs (pentadecyclic (C15:0), heptadecanoic (C17:0), and eicosenoic (C20:0)) were lower (P <0.001) in both grainfed groups compared to the grass-fed groups for all three muscles. Only myristic acid (C14:0) which accounted for at least 3% of the total FAs was higher in the grain-fed groups compared to the grass-fed AB but not to the grass-fed B group in all three muscles. The tendency towards higher C16:0 and lower C18:0 in grass-fed groups contrasts the review of Daley et al. (2010) . According to this study grass-fed beef has lower proportion of hypercholesterolaemic C16:0 and a trend towards a higher proportion of neutral cholesterolaemic C18:0. However, Daley et al. (2010) also emphasised that the overall concentration of total SFAs in muscle fat is not consistently different between grain and grass feeding which generally agrees with our results. The LL (P <0.001) and ST (P <0.003) muscles of grain-fed AC animals recorded higher total MUFA content than muscles of both grass-fed groups (AB and B), (Table 4 ). This effect was mainly due to higher elaidic (C18:1t9) and oleic (C18:1c9) acids in these muscles of the AC group (Table 5) . Grain feeding is known to present higher levels of C18:1 FAs as a result of incomplete biohydrogenation of dietary PUFAs in the rumen (Noviandi et al., 2012) . Another reason for higher percentages of individual C18:1t9 and C18:1c9 could be the higher muscle fat content of the AC group (Table 3) as supported by Smith et al. (2009) and Shirouchi et al. (2013) , although this would not apply to the BF muscle.
Total PUFA content was higher in the LL and ST muscles of the AZ group, and closer to that of the AB group, compared to that of AC group (Table 4) . This effect was largely as a result of higher (P <0.005) linoleic acid (C18:2c9 (n-6)) observed in these muscles of the AZ group (Table 5 ). Subsequently, the P/S ratio was higher (P =0.003) in AZ ST muscles with similar trends in the other two muscles when compared with AC (Table 4) . De Smet et al. (2004) reported a negative relationship between muscle fat level and P/S ratio, which support our results for the two grain-fed groups. However, muscle fat content of the B group was lower than that of AC (P <0.001), yet the P/S ration was similar. Wood et al. (2008) found that SFA decreased, MUFA increased and PUFA remained the same, although CLA increased when animals became fatter but also older. In agreement with our study, both French et al. (2000) and Elmore et al. (2004) recorded higher SFA levels, lower PUFA and no effect on MUFA or lower MUFA (Elmore) in grain-fed beef compared to grass-fed beef (or grass-silage). In the study of French et al. (2000) , no differences in muscle fat existed, but silage fed animals in the study of Elmore et al. (2004) were fatter than grain-fed animals. Warren et al. (2008) showed that SFA did not change as total lipids changed, but there was an inverse relationship between PUFA proportions and total lipids, which is in contrast to the results of De Smet et al. (2004) and suggesting that factors other than muscle fat level played a role. These may include differences in the rate and extent of biohydrogenation of dietary PUFAs between grain and grass-fed animals (Noviandi et al., 2012) .
Our study recorded P/S ratios between 0.13-0.27, which agrees with Scollan et al. (2006) that the P/S ratio of beef is often as low as around 0.1, while the recommended ratio for health purposes is above 0.4 (Enser et al., 1998) .
In agreement with other studies (Enser et al., 1998; De la Fuente et al., 2009) , the two grain-fed groups (AC and AZ) showed higher levels of total n-6 FAs (P <0.001) and n-6/n-3 ratios (P <0.001) in all muscles compared with grass-fed groups, mainly as a result of higher levels of C18:2c9,12 n-6 (P <0.001), the major n-6 PUFA (Table 4 ). According to the study reported by De la Fuente et al. (2009) , the concentration of C18:2n-6 is greatest in cereals and oleaginous seeds, which constitute the principal components of concentrate diets. In contrast, major n-3 PUFAs; alpha linolenic acid (C18:3), and long n-3 FAs (ecosatrienoic (ETE C20:3); ecosapentaenoic (EPA C20:5) and docosapentaenoic (DPA C22:5)) were higher (P <0.001) in the muscles of the grass-than grain-fed animals, and contributed to higher (P <0.001) total n-3 FAs and lower n-6/n-3 ratios (<2:1). Zilpaterol had no effect on long-chain n-3 FAs. A healthy diet is recommended to have n-6/n-3 ratios of less than 2:1 (Simopoulos, 2010) which is much lower than the 8-14: 1 ratios recorded in the two grain-fed groups.
Rumenic acid (C18:2c9, t11; RA), the most important CLA isomer from a nutritional point of view, and arachidonic (C20:4c5) were higher in the muscles of grass-than grain-fed animals. Grass feeding increases the content of CLA due to biohydrogenation of PUFAs in the rumen, while grain feeding reduces the pH of the digestive system in ruminants, which inhibits the growth of the bacterium that produces CLA isomers (Warren et al., 2008; Daley et al., 2010; Noviandi et al., 2012) . The content of RA was at least three times higher (up to 15 x) in the muscles of grass-compared to grain-fed animals in our study, which was higher than that reported in the review of Daley et al. (2009) . RAis produced as an intermediate of ruminal biohydrogenation of linoleic acid (C18:2) and by endogenous synthesis from vaccenic acid (trans-11 C18:1; VA). According to Lock et al. (2009) RA has anticarcinogenic and antiartherosclerotic properties. VAis a major trans fatty acid in ruminant fats and according to Field et al. (2009) may have additional health benefits apart from those associated with its role as precursor of RA. The standard to analyse VA was unfortunately not used in the current study. The major trans fatty acids recorded in our study were C18:1t9 which was consistently higher in grain-fed muscles of both treatments (AC and AZ), while Gomez-Cortes et al. (2009) found no differences in milk of grain-fed vs. grass fed dairy ewes for this trans fatty acid, but higher values for C18:1t10. De Jong (2017) found that trans-fatty acid content of meat is generally low according to a survey done on cuts purchased at various retailers in South Africa.
Significantly higher percentages of saturated multi-branched C20:0 3, 7, 11, 15 tetramethylhexadecanoic acid (phytanic acid) were found in the muscles of grass-fed groups compared to that of grainfed groups (Table 4) . Vetter and Schröder (2011) reported phytanic acid levels of 50-300 mg / 100 g lipids in grass-fed beef, while the highest levels recorded in the current study were between 700 -850 mg / 100 g lipid in the IMF of grass-fed steers. Higher levels of phytanic acid in grass-fed animals could be attributed to high chlorophyll content found in grass. According to Verhoeven et al. (1998) , high levels of phytanic acid may result from the ingestion of appreciable quantities of free phytol in the diet of an animal, produced by hydrolysis of chlorophyll from grass. The AZ group recorded higher (P <0.001) RA and phytanic acid levels than AC for BF muscle only, although the differences were not as large as the differences between grainand grass-fed groups. Likewise, age within the grass-fed groups did not have an effect on rumenic or phytanic acid levels.
Reports indicate that beta-agonists cause an increase in lipolysis and a decrease in lipogenesis (Mersmann, 1998) . Likewise, in the current study zilpaterol samples recorded lower IMF values in the grainfed animals, therefore it was expected that zilpaterol would modify the fatty acid composition. Although Parr et al. (2014) showed evidence of triglyceride breakdown (higher serum NEFA levels) in zilpaterol treated animals, an earlier study by the same authors did not show any effects on fatty acid composition of IMF or sub-cutaneous fat of treated animals. Choi et al. (2013) and Dávila-Ramírez et al. (2017) also reported no or little effect of zilpaterol on fatty acid composition of beef and lamb, respectively. It is however, worth mentioning that zilpaterol increased the PUFA levels in two of the three muscles compared to AC. More specific, the increase in PUFA was mainly due an increase in n-6 PUFA levels, while similar levels of PUFA for the AB group, e.g. the LL and ST muscle was reflected in higher n-3 PUFA.
The differences in fatty acid composition among production systems in our study may have implications for human nutrition as was discussed in similar studies by Enser et al. (1998) , Scollan et al. (2006) , Warren et al. (2008) and Daley et al. (2010) . Phytanic acid has health improving properties, including ability to inhibit the proliferation of prostate carcinoma cells in culture, and has potential effects on glucose and lipid metabolism in both humans and animals (Young et al., 2013) . Conjugated linoleic acid (rumenic acid) and n-3 PUFA's are also associated with positive health effects. CLA is anticarcinogenic, protects against atheroscleorosis, may also play a role in the control of obesity and improve immune function. The n-3 PUFAs also have similar effects to CLA on human health (Whetsell et al., 2003; Daley et al., 2010; Young et al., 2013) .
The atherogenicity index (AI), which is an indicator for the risk of cardiovascular disease, was the highest in the IMF of B grass-fed LL and ST muscles (Table 4 ). Higher AI is indicative of high levels of cholesterol-elevating SFAs (C14:0, C16:0) observed in B grass-fed animals (Table 5 ). However, the AI of all the muscles across all the treatments could be considered favourable since it is assumed that an AI of below one is beneficial for human health (Pilarczyk & Wójcik, 2015) .
Conclusions
Most of fresh beef marketed in South Africa is produced under the production systems described by the four treatment groups in this study. In general, it can be concluded that production systems had a significant effect on chemical composition and fatty acid composition of the three muscles although the magnitude of these differences were often small. The muscle fat content varied between 1 and 1.5 % with only AC LL muscles showing values of >3 %. The actual amount of certain fatty acids present in the muscle tissue and the differences among treatments are therefore very small but could contribute to nutritional and health benefits on a micronutrient level. The low fat content of AZ muscles suggests that the utilisation of zilpaterol in grain-fed systems will produce young slaughter (A-age) animals with the same fat content as older grassfed animals under South African production conditions. However, due to its effect as repartitioning agent, zilpaterol will produce muscle with slightly higher protein content than other beef. In agreement with previous studies, grass-fed beef recorded higher ratios of certain PUFA's with health benefit such as (the CLA-isomer RA and n-3 FAs) and also the branched chain SFA, phytanic acid, than muscles of grain-fed beef, irrespective of muscle. The fact that age variation between grass-fed groups in most cases had no effect is also worth noting. Zilpaterol treated muscles recorded higher levels of PUFA, but more specifically n-6 PUFA of LL and ST muscle. In addition, higher phytanic acid in BF muscle and higher RA (CLA) in ST and BF muscles over levels in grain-fed muscles without zilpaterol were recorded. Higher IMF content contributed to a higher MUFA in grain-fed muscles (AC) compared to grass-fed muscles (excluding BF) which indicated that carcass condition and not feeding regime as such may play a significant role in ratios of SFA, MUFA and PUFA.
